Investigations were conducted on the viscoelastic properties and pasting characteristics of fermented maize with malted cereals and their suitability for infant feeding. A 3 · 3 · 2 factorial experimental design with malting time, cereal malt concentration and cereal type was used. Maize, millet, and sorghum malts were added to fermented maize to reducing its bulk density. Samples were analysed for their viscoelastic properties and pasting characteristics using Brabender Viscoamylograph. Sorghum malt in comparison to millet and maize malts was not effective in terms of lowering the hot and cold paste viscosities of the fermented maize. Maize and millet malts liquefied the dough considerably during both the hot and cold paste viscosities. The effect of 4-day malted millet was most pronounced whilst the highest activity of maize malt was observed with the 3-day malted flours. The addition of maize and millet malts to fermented maize were most effective in lowering the viscoelastic properties of the resulting porridges.
Introduction
Maize (Zea mays) or corn is the most important cereal grain in tropical Africa. Together with other cereals such as sorghum, millet and rice, they are vital to the survival and food security of a large segment of the population in Africa, contributing over 55% of the total energy intake Nout, 2009) . These cereals are normally made into porridges by the help of processing methods developed through the years based on traditional home practices and these porridges are the major weaning food for over 80% people in sub-Saharan Africa (Afoakwa & Aidoo, 2006; Nout, 2009) . Common food technologies used in the preparation of these gruels include malting and fermentation. Unit operations such as size reduction, dehulling, soaking, and drying also play important roles in the development of product quality (Traore´et al., 2004) . The production and nutritional quality of foods prepared by traditional methods have been reported by several authors (SefaDedeh et al., 2003; Afoakwa et al., 2004; Traore´et al., 2004; Nout, 2009) . The main problems associated with maize-based foods are the lack of adequate protein quality or essential amino acids and the viscosity that limit intake, especially in weaned infants. Production of liquefied foods can be achieved using malted cereals or commercial amylotic enzymes (Onyeka & Dibia, 2002; Moursi et al., 2003) .
Fermented maize products by tradition constitute an important part of the diet of people in Africa (Afoakwa & Aidoo, 2006; Nout, 2009) . One of the primary objectives for the traditional fermentation of maize is to cause souring of the dough with its associated improvement in taste, flavour and texture (Sefa-Dedeh et al., 2003; Afoakwa et al., 2007) . The main aroma components in fermented maize doughs have been described to be lactic, acetic, butyric and propionic acids (Plahar & Leung, 1982) . These fermentations as carried out traditionally, are spontaneous.
Viscoelastic studies have been used to determine the gelatinisation of suspensions from a variety of starches as well as their pasting characteristics during heating and subsequent cooling (Evans & Lips, 1992; Afoakwa & Sefa-Dedeh, 2002a, b) . It has been shown (Tsai et al., 1997) that upon heating, the viscosity increased suddenly after a certain temperature was reached and increased to a maximum. Further heating only led to reduction in viscosity.
Malting is a traditional practice in developing countries primarily used in the production of alcoholic and non-alcoholic beverages. It consists in the germination and drying of cereal seeds, the prime objective being to promote the development of hydrolytic enzymes that are not active in raw seeds (Dewar et al., 1997; Latha & Muralikrishna, 2009) . During malting (sprouting) of grains, a-amylase and b-amylase activity is developed. Traore´et al. (2004) reported remarkable increases in aamylase activity during malting of sorghum, maize and millet. These enzymes effectively degrade starch granules reducing their water binding capacity. Malting among the low-cost methods available to reduce the high viscoelastic properties of cereal-based gruels seem to be the most effective (Traore´et al., 2004) . Although the viscosity effect is recognised in some commodities in India and Africa, malting is not widely used in making weaning foods. The incorporation of a small amount of germinated grain, amylase rich flour (ARF) from cereal malts has been reported on rice gruels (Rao & Muralikrishna, 2006) , maize (Helland et al., 2002) , barley (Georg-Kraemer et al., 2001; Jones, 2005) , sorghum (Elmaki et al., 1999) and finger millet (SubbaRao & Muralikrishna, 2001; Shyama et al., 2007) . Some data about the changes brought about by malting of cereals on non-starch polysaccharides such as arabinoxylans, (1,3),(1,4)-b-d-glucans, arabinogalacto-proteins, cellulose and associated phenolics are also available (Rao & Muralikrishna, 2006; Shyama et al., 2007; Chung et al., 2009) . However, the effect of the addition of cereal malts to overcome the viscosity increasing effect of fermentation is not known. Malting does carry certain advantages from the point of view of safety by the removal of toxic and anti-nutritional substances such as phytates, lectin and haemagglutinins (Traore´et al., 2004; Chung et al., 2009 ) which should improve the bioavailability of some essential minerals (iron, calcium, zinc, phosphorus, etc.) . Traore´et al. (2004) also reported increases in protein content, sucrose, glucose and fructose levels of sorghum, maize and millet during malting. But there is also the danger of contamination in the case of porridge to which ARF is added after cooking. This method has some constraints with respect to handling, proper application particularly by illiterate mothers (Gopaldas et al., 1991) .
This research therefore sought to investigate the influence of the addition of malted maize, sorghum, and millet on the viscoelastic properties and pasting characteristics of fermented maize and its suitability for the preparation of infant weaning foods.
Materials and methods

Materials
The sorghum (Sorghum bicolor), millet (Eleusine coracana) and maize (Zea mays) used in this study were obtained from the Centre for Food Safety and Quality Enhancement (CFSQE), University of Georgia, Atlanta, USA. All the samples were stored in a cold room (4°C) during the study period.
Sample preparation
Maize, millet and sorghum seeds (500 g) each were soaked separately in water (1:3, w ⁄ v) for 18 h at ambient temperature (28-31°C). The steep water was drained and the grains allowed to germinate in under controlled conditions in a sterilised woven baskets lined with sterilised moist cloth in a B. O. D. The grains were watered lightly twice each day to ensure that the jute sack was always moist to facilitate optimum seed germination. The grains were germinated for 24, 48, 72 and 96 h, dried in a solar dryer (40-50°C) for an average of 8 h a day for 5 days, to a moisture content of 7.9-8.8%. The dried grains were manually rubbed between the palms to gently remove the vegetative parts from the seed. The devegetated seeds were weighed and milled into fine flour to pass through a 1 mm sieve using a hammer mill (Christy and Norris Ltd, Chelmsford, UK).
Whole maize grains were soaked in water (1:3, w ⁄ v) at room temperature for 18 h. The steep water was drained and the grain milled using a disc attrition mill (Agrico Model 2A, New Delhi, India). The resulting meal was kneaded into a dough after bringing the moisture content to 50% by adding water. The dough was allowed to ferment at room temperature for a period of 48 h. Weighed quantities of cereal malt flours were added to the fermented maize and the mixture kneaded thoroughly and solar dried (40-50°C). The solar-dried meal was milled into flour (1 mm) using a hammer mill (Christy and Norris Ltd, Chelmsford, UK) and packaged into polypropylene bags for analysis.
Experimental design
A 3 · 3 · 2 factorial experimental design was used and the principal factors were:
1. Type of cereal: maize, millet and sorghum. 2. Malting time for cereals: 2, 3 and 4 days. 3. Cereal malt concentration in fermented maize: 5% and 10%. The samples were packaged in polypropylene bags and stored under tropical ambient conditions (26-31°C, R H 85-100%) for analysis. All the samples were analysed in triplicates for their viscoelastic properties and starch pasting characteristics.
Methods
Viscoelastic properties
The viscoelastic properties and pasting characteristics of slurries were determined using the American Association of Cereal Chemists' Method 22-10 (AACC, 1983) with slight modifications. Slurries made from concentrations of 8% (dry matter basis) flour in 500 mL water were measured using Brabender Viscoamylograph (Viskograph PT 100, Duisburg, Germany) equipped with a 700 cmg sensitivity cartridge. The viscosity of the slurries were continuously monitored as they were heated from 25°C at a rate of 1.5°C min )1 to 95°C, held at 95°C for 30 min and cooled at a rate of 1.5°C min )1 to 50°C and held at 50°C for 20 min. The pasting characteristics measured include; pasting temperature, peak viscosity, viscosity at 95°C, viscosity at 95°C-HOLD, viscosity at 50°C, viscosity at 50°C-HOLD and maximum setback viscosity.
Statistical analysis
The data obtained from the viscosity measurements were statistically analysed using Statgraphics (Graphics Software System, STCC, Inc., Rockville, MD, USA). Comparisons between sample treatments and the indices were done using analysis of variance (anova) with a probability P £ 0.05.
Results and discussion
Viscoelastic properties of the fermented maize-cereal malt blends Pasting temperature
The Brabender Viscoamylograph present useful information on the hot and cold paste viscoelastic properties of starch-based foods. The pasting temperature is the temperature at which irreversible swelling of the starch granules occurs leading to the formation of a viscous paste in a aqueous solution. Starches with lower pasting temperatures are generally considered to be easier to cook. However, lower pasting temperatures are also associated with low paste stability, which is usually considered to be an undesirable property. Low pasting temperature and low paste stability indicate that fewer associative forces and cross-links are present within the starch granule (Afoakwa and Sefa-Dedeh, 2002b) .
Pasting temperature was observed to decrease for the fermented maize-millet malt blends when the sprouting time for the millet malt was increased. This occurred both at 5% and 10% levels of malt concentrations, with values decreasing from 87°C to 69.3°C and 84.0°C to 70.0°C, respectively, for the 5% and 10% millet malt addition after 4 days of sprouting (Table 2) . A similar trend was observed when 10% maize malt was used. Increasing the malting time of sorghum from 2 to 3 days resulted in an increase of the pasting temperature of the blends produced with the malt. However, for the 4-day mixtures containing millet malt, pasting temperatures were observed to be relatively low (Table 2 ). This implies that the addition of 5% and 10% millet malt to the fermented maize reduces the gelatinisation time of the resulting gruels during cooking. Statistical analyses of the results indicated that the type of cereal malted and the time allowed for the malting significantly affected (P £ 0.05) the pasting temperature of the blends (Table 4 ), implying that the 4-day millet malt is the most effective in lowering the pasting temperature and thus effecting faster gelatinisation during cooking of the fermented maize porridges. Significant interactions between the factors indicated that the effect of the malting time was dependent on the type of cereal malted.
Peak viscosity
Peak viscosity is linked to the ease of cooking of sample analyses. It is measured as the highest value of viscosity attained by the slurry during the heating cycle (25-95°C). Generally, the presence of malt in the fermented maize blends decreased the viscosities (Table 2) as compared to the sample without the malts (Table 1) . The results showed that the addition of 5% maize malt caused decreases from 140 to 90 BU whereas that of 10% maize malt decreased slightly from 120 to 110 BU after 4 days of malting. Peak viscosity attained by the maize malt containing blends were relatively low compared to that of the millet and sorghum malts (Table 2 ). This observation suggests that the addition of maize malts to fermented maize reduces the cooking time and therefore facilitate cooking of the blends. Samples containing malt could therefore be easier to cook as compared to the fermented maize dough without malt. The observed reduction in peak viscosity of the blend is suspected to be resulted from the action of amylases from the malted cereals (Helland et al., 2002; Traoreé t al., 2004) . Analysis of variance on the data indicated that the type of cereal malted had significant effect (P £ 0.05) on the peak viscosity of the fermented maize dough (Table 4) . Further anova conducted on the data indicated that the addition of 5% concentration of the 3-day maize malt to the fermented maize enhanced the cooking time of the gruel, implying that fermented maize gruels cook faster with the incorporation of 3-day Viscosity of fermented maize with cereal malts E. O. Afoakwa et al. malted maize at 5% level. Similar observation was reported by Obatolu and Cole (2000) , when working on complementary blends of soybean and cowpea with malted and unmalted maize.
Viscosity at 95°C
Comparatively lower viscosities at 95°C were observed for the samples containing the malted cereals as compared to those without malts (Tables 1 and 2 ). The viscosities of the samples at 95°C were equivalent to their peak viscosities. The viscosities at 95°C of the blends containing 4-day malted millet were drastically reduced to 100 BU and 40 BU when the malt was incorporated at 5% and 10% levels, respectively. These values are very low when compared to their peak viscosities values of 220 BU and 180 BU (Table 2) . However, the 3-day malted maize incorporated to the product at 5% level effectively remained at 90 BU during the heating cycle at 95°C. Sefa-Dedeh et al.
reported the peak viscosities of fermented maize dough-maize malt blends to be equivalent to their viscosity measured at 95°C only after 3 days of fermentation, which confirms our present observation. Statistical analysis (anova) conducted on the data indicated that the type of cereal malt significantly affected (P £ 0.05) the viscosity attained by the sample at 95°C (Table 4 ). This observation reveals that the 4-day malted millet incorporated at 10% concentrated in the fermented maize gruel was most effective in lowering the viscosity of the product during the cooking cycle. The liquefying action by the maize and millet malts in the fermented maize during heating might be brought about by the action of a-amylases developed during malting of the grains (Helland et al., 2002; Traore´et al., 2004) .
Viscosity at 95°C-HOLD
The viscosity attained by a sample after holding the temperature constant at 95°C for 30 min (95°C-HOLD) gives an indication of the ease of breakdown of the hot cooked paste. Generally, the addition of cereal malt to the fermented maize decreased the viscosity of the resulting gruel at 95°C-HOLD (Tables 1 and 2 ). Blends containing the millet malt had the lowest viscosity when the millet had been malted for 4 days whilst the 2-day and 3-day millet malt containing blends had relatively higher viscosities. On the other hand, the 3-day malted maize seems to produce a greater viscosity reduction effect on fermented maize as compared to the 2-day and 4-day malted maize preparations (Table 2) . Meanwhile the viscosities of all the samples with malted sorghum were relatively higher, implying sorghum is not effective in lowering the viscosities of fermented maize gruels during cooking. This observation not surprising because Traore´et al. (2004) reported that a-amylase activity increased remarkably during malting of sorghum, maize and millet, but the increase was more pronounced in red sorghum seeds than in millet and maize seeds. However, the drying process tremendously reduced the level of aamylase activity in sorghum from 56 to 19 U g )1 DM and millet (46-32 U g
)1 DM), while that of maize Viscosity of fermented maize with cereal malts E. O. Afoakwa et al.
(26 U g )1 DM) increased by 26% during drying. Statistical analysis on the data indicated that only the type of cereal significantly affected (P < 0.05) the viscosity at 95°C-HOLD of the samples (Table 4) . Further analysis revealed that the significance difference observed with the type of cereal malt was due to the effect of the millet malt, implying that the addition of the 4-day millet malts at 10% level to the fermented maize was the most effective in liquefying the viscosities of the blends made from them during cooking.
Viscosity at 50°C
Viscosities measured at 50°C are most significant with respect to the eating quality of foods as they reflect the eating consistency of the product. During the cooling cycle (95-50°C), the consistency of the fermented maize-cereal malt thickened considerably but to a lesser extent as compared to that of the fermented maize to which no malt has been added (Tables 1 and 2 ). When maize malt was incorporated into the fermented maize at 5% level, the viscosity of the blend decreased. However, malting for 2, 3 and 4 days effected a percentage reduction of >50% in the viscosity of the fermented maize (Table 3 ). The viscosity reducing potential of sorghum and millet was lowest for the 3-day malted samples. The 4-day malted samples had a greater viscosity reduction on fermented maize (Table 3) . At 10% maize malt concentration in fermented maize, the activity of the malt appeared to decrease as malting was prolonged. The contrary was observed for the fermented maize-millet malt blends. The 4-day millet malt at 10% concentration in the blend drastically reduced the viscosity of the fermented maize (Table 3) . Sorghum malt containing blends were thicker than the blends containing millet malt or maize malt. This suggests that the amylases in sorghum were comparatively less active at this temperature.
Statistical analysis conducted on the data indicated that the malting time, malt concentration and the type of cereal malt all significantly affected (P £ 0.05) the viscosity of the fermented maize-cereal malt blends at 50°C (Table 4 ). This was explained by the results of the viscosity measurements taken at 50°C suggesting that the effect of 3-day malted maize incorporation at 5% and 10% concentrations and the 3-and 4-day malted millet incorporated at 10% are most desirable in the formulation of liquefied weaning foods using fermented maize (Table 2) . These results confirms the observations by Uvere et al. (2000) and Helland et al. (2002) that the optimum a-amylase activity is observed in cereal grains after 72 h of malting. However, Traore´et al. (2004) reported that the process of drying reduces the level of a-amylase activity in sorghum from 56 to 19 U g
)1 DM, hence the observed results in this present study. These blends would produce weaning gruels of least consistency and therefore lower bulk density. These cereal malts produced more than 50% reduction in the viscosity of the fermented maize (Table 3 ).
Viscosity at 50°C-HOLD
The viscosities of the blend were measured after keeping the temperature constant at 50°C for 20 min (50°C-HOLD). During this period, all the blends showed general increases in their viscosities (Tables 1 and 2 ). Blends containing the 3-and 4-day millet malt at 10% concentration and that of the 3-day maize malt at 5% concentration had the lowest viscosities at this temperature. The viscosity reducing effect of the 2-day and the 4-day maize malts was lower than that of the 3-day malt Table 3 Effect of cereal malts on cooked paste at 50°C and 50°C-HOLD Viscosity of fermented maize with cereal malts E. O. Afoakwa et al.
( Table 3 ). Maize malt that had been sprouted for 3 days reduced the viscosity of the cooked fermented maize by almost 50%. Prolonged malting appeared to decrease the viscosity as well as the reducing potential of the maize malt. The effect of millet malt incorporated into the fermented maize at 5% concentration followed a similar trend as maize malt though it showed a relatively lower viscosity reduction effect on the fermented maize (Table 3) . Increasing the concentration of maize malt in the blends improved its viscosity reducing effect on fermented maize, except in the case of the 3-day malted maize. The viscosity of fermented maize-millet malt blends decreased drastically with prolonged malting of the millet (4-day malting). At 50°C-HOLD the effect of sorghum malt on the fermented maize dough was greatly inhibited. Some of the fermented maize-sorghum malt blends were observed to be thicker than the fermented maize. Statistical analysis indicated that the viscosity of fermented maize-cereal malt mixtures at this index was significantly affected (P £ 0.05) by the type of cereal malted, the malting time and the level of malt incorporation into the fermented maize (Table 4 ). This was explained by the observation that the samples that had the lowest viscosities at this index were the 3-and 4-day millet malt at 10% concentration and that of the 3-day maize malt at 5% concentration (Table 3) .
Effect of cereal type on the pasting characteristics of fermented maize-cereal malt blends A closer look at the results of the fermented maizecereal malt blends showed that in comparison with the malts of sorghum and millet, maize exerted a relatively higher reducing effect on the viscosity of fermented maize during the heating cycle (Table 2) . During the cooling cycle, the viscosity of the blends increased and at 50°C, all the blends had lower viscosities than the fermented maize to which no malt had been added. On holding the temperature constant for 20 min, some of the blends thickened to attain higher viscosities than fermented maize dough at 50°C-HOLD.
The viscosities of the blends containing maize malt were markedly lower than for fermented maize dough from the pasting temperature till the end of the cooling cycle (50°C-HOLD) ( Table 2 ). Malting maize for 3 days resulted in the lowest viscosities (at both concentration levels of 5% and 10%) when fermented maize dough-maize malt blends were analysed. The incorporation of 4-day malted millet into fermented maize dough at 5% concentration was observed to result in high peak viscosity at relatively low temperatures (Table 2) . However, the viscosity of the blend breaks down to a much lower viscosity soon afterwards. At 10% millet malt concentration in fermented maize, the reduction in viscosity of the blend was grater though a lower peak viscosity was attained. Statistical analysis of the viscosity indices measured indicated that most the of paste viscosities of the blends were significantly affected by the type of cereal malted (at peak viscosity, viscosity at 95°C and viscosity at 95°C-HOLD) whereas the viscosities at 50°C and 50°C-HOLD were significantly affected by all the three process variables investigated; type of cereal, concentration of malt in the blend and the time allowed for malting during malt preparation (Table 4) . This gives an indication that the amylases in the different malts behaved differently at low (50°C and 50°C-HOLD) and high (95°C and 95°C-HOLD) temperatures. These observation explain that the effect of the 3-day malted maize incorporation into the fermented maize at 5% and 10% concentrations and the 3-and 4-day malted millet incorporated in the product at 10% are the most effective in the liquefaction of the fermented maize when being used in the preparation of infant foods (Table 2 ) and would produce weaning porridges of least consistency and therefore lower bulk density.
Conclusions
The use of malted maize, millet and sorghum were generally effective in reducing the viscoelastic properties and pasting characteristics of fermented maize. The effects of the incorporation of the malted maize and millet led to significant reductions in the peak viscosity, viscosities at 50°C and 50°C-HOLD of the derived porridges, implying that these malted cereals were effective in reducing the viscosities of the fermented maize during cooking and cooling. Addition of cereal malt after fermentation of the maize dough allows the action of the amylases to overcome the viscosity increasing effect of fermentation in cereals. The effect of the 3-day malted maize incorporation into the fermented maize at 5% and 10% concentrations and the 3-and 4-day malted millet at 10% were the most effective in liquefying the fermented maize and would produce weaning foods of lower viscosities and therefore lower bulk density suitable for infant feeding.
